SIMILJARITIES between mitral stenosis
and left ventricular failure, regarding their effects upon the pulmonary circulation and the right heart, have been known long before cardiac catheterization permitted their direct assessment. The advent of mitral valve surgery, a decade ago, stimulated widespread interest in the hemodynamies of mitral stenosis. On the other hand, circulatory changes associated with cardiac failure have been studied in considerably less detail. In 1955, Harvey et al. ' raised an important practical point regarding this similarity: are hemodynamnic changes caused by mechanical factors (mitral stenosis) and those caused by myoeardial factors (cardiac failure) distinctive enough to permit their differentiation? These authors answered this question in the affirmative, suggesting that venous catheterization of the heart is helpful in the selection of proper candidates for surgical treatment. The purely surgical aspect of this problem can now be approached in a more direct way, in that combined right and left heart catheterization permits the direct measurement of the diastolic gradient across the mitral valve. Other aspects of the similarity and dissimilarity between mitral stenosis and left ventricular failure are, however, of considerable importance, particularly in view of the increasing interest in the mechanism of pulmonary hypertension which may complicate these conditions. The current study was undertaken in an effort to compare circulatory dynamics of From the Medical Service, Veterans Administration Hospital and the Department of Medicine, Stanford University School of Medicine, San Francisco, Calif. Supported by a grant from the San Mateo County Heart Association. these 2 conditions in a larger series of cases, and to present them quantitatively by taking into consideration their respective severity.
MATERIAL AND METHODS
The material for this study consisted of 63 eases of mitral stenosis and 35 cases of left ventricular failure, a total of 98 cases. All patients underwent a detailed clinical scrutiny, and the diagnosis was established on the basis of clinical, electrocardiographic, phonocardiographic, and radiologic examinations. The group of cases with mitral stenosis included patients with pure mitral stenosis and those patients with combined mitral stenosis and insufficiency in whom mitral stenosis was considered the predominant lesion. All patients thus were "surgical" cases and in most of them mitral block was severe enough to subject them to mitral valvotomy. Patients underwent cardiac catheterization at the time of a stable clinical condition; those who entered the hospital in cardiac failure, with pulmonary edema, or with uncontrolled atrial fibrillation were studied only after these complications were eliminated or brought under complete control.
Patients with left ventricular failure were selected out of a larger group of patients with lowoutput cardiac failure,2 who, studied at the time cardiac failure was brought under control, showed significant elevation of left atrial pressure (pulmonary wedge pressure over 15 mm. Hg). The clinical diagnoses included hypertensive heart disease, arteriosclerotic (coronary) heart disease, and aortic valvular disease.
Cardiac catheterization was performed according to uniform standards used in this laboratory.3, 4 The mode of study, the technic of recording pressures, the method for the study of The cardiac output is abnormally low in both groups and appears to be lower in the patients with cardiac failure than in those with mitral stenosis. However, the per cent increase of the output with exercise is identical in both groups, being abnormally low in both. Pulmonary vascular resistance is abnormally high in both groups, the mean values being elevated to the same extent. Table 2 shows a summary of findings in the milder cases of mitral stenosis and of left ventricular failure. Here, the mean value for the index is similar in both classes. The age shows an even wider spread than in severe cases. Pulmonary wedge and resting pulmonary arterial pressure are similar in both classes and the increase with exercise, which is abnormal in both, is more marked in left ventricular failure. The mean resting cardiac output is slightly below normal in mitral stenosis, and is still lower in cardiac failure. There is, however, an appreciable difference in its response to exercise: the increase in output in mitral stenosis is normal, while in cardiac failure it is abnormally low. Pulmonary vascular resistance is at the upper limit of normal in mitral stenosis, but is abnormally elevated in left ventricular failure, where the mean value is twice that of the other group. The 2 most important hemodynamic findings, the resting cardiac output and the pulmonary vascular resistance are compared in the 2 classes in figures 2 and 3. Figure 2 shows the relationship between the resting cardiac output and the severity of mitral stenosis and left ventricular failure, respectively, expressed as the CO/LAP index. It is seen that a normal cardiac output (shaded area) is found, as a rule, in both conditions with indices larger than 26. In severe cases, cardiac output is abnormally Figure 3 shows pulmonary vascular resistance in mitral stenosis and in left ve-ltrinular failure plotted against the severity index. It is seen that abnormally high pulmonary vascular resistance is found only in moderately severe and severe cases of both conditions. It is also seen that in both conditions, an appreciable number of severe cases is found with normal or near-normal vascular resistance.
DIscUSSION
The object of this study was a comparison between the hemodynamic effects of mitral stenosis and of chronic left ventricular failure. Both these conditions have one common denominator: the sustained elevation of left atrial pressure.
The dynamics of mitral stenosis is well known. The series of cases included in this study represents a wide spectrum of severity of mitral valve block with hemodynamic findings similar to those of earlier investigators.7-10 In mitral stenosis, elevation of left atrial pressure is caused by valvular obstruction introducing resistance to flow through the mitral orifice. The level of left atrial pressure is thus an index of the severity of mitral stenosis for a given level of flow through the orifice in diastole. Chronic left atrial hypertension is an essential and constant feature of significant mitral stenosis.
In left ventricular failure, elevation of left atrial pressure reflects resistance to diastolic filling of the incompetent left ventricle and can be considered a physiologic adaptation, permitting the overloaded and overstretched left ventricle to maintain the necessary forward flow. This may be an acute response to temporary overload, such as during exercise, when it is reversible with cessation of exercise. Furthermore, it may be a more chronic finding as an expression of left ventricular failure at rest, but still reversible by cardiac therapy. Finally it may assume the form of irreversible, chronic left ventricular failure. The frequent occurrence of chronic left ventricular failure has been shown in another study from this laboratory.2 The series of cases of left ventricular failure included in this study falls into the last category.
In both mitral stenosis and chronic left ventricular failure, the abnormally high value for left atrial pressure expresses the severity of the circulatory disturbance only in relation to the magnitude of the cardiac output; hence the index CO/LAP was used as a more accurate expression of the degree of mitral valve From the data presented here it can be concluded that a comparison of the hemodynamic effects of mitral stenosis and of left ventricular failure reveals predominant similarities. In both these conditions, pulmonary hypertension is the rule, either passively reflecting left atrial hypertension, or exaggerated by increased pulmonary vascular resistance. Severely elevated pulmonary vascular resistance, exceeding 600 dynes see. em.-5, appears as an occasional complication of severe mitral stenosis and, to a comparable extent, of severe left ventricular failure. The effect of sustained elevation of left atrial pressure upon the cardiac output is variable. In the more severe cases of mitral stenosis and of left ventricular failure alike, the resting cardiac output is almost always reduced. In both conditions, the rise of the cardiac output in response to exercise is subnormal, but most cases showed some increase, so that a "fixed" cardiac output was uncommon in this series. In milder cases, the resting cardiac output was at the low normal range, showing no difference between the 2 conditions. Only 2 points could be noted in which the 2 conditions differed from each other: (a) significant increase in pulmonary vascular resistance was observed only in severe mitral stenosis, but occurred occasionally in milder cases of left ventricular failure ( fig. 3) and by the higher mean value for pulmonary vascular resistance in milder cases of left ventricular failure versus mitral stenosis (table 2) output showed a normal rise with exercise, but in mild left ventricular failure this response was subnormal ( Results of this study iudicate clearly that pulmonary hypertension cannot be considered a feature helpful in separating mitral block from myocardial insuffic iency, because its o( -currence and severity appear to be similar in the 2 conditions. In genieral, it is shown here that sustained elevation of left atrial pressure due to mechanical block at the mitral valve is not associated with a distinctive hemodynamic pattern, iniasmu(ch as all the hemnodynamnic abnormalities caused by it occur also ini chronic left ventricular failure. The differences between the 2 conditions can only be considered minor, in view of the overwhelming similarity of all the findings. These differences, furthermore, are not helpful in evaluating Finally, it is necessary to take into consideration the appreciable higher age of patients in cardiac failure than those with mitral stenosis, so that the observed differences may altogether be caused by circulatory responses in different age groups rather than by differences between mechanical versus myocardial factors. Left atrial pressure The hemodynamic sequelae of the sustained elevation of the left atrial pressure, which is the common denominator of mitral stenosis and left ventricular failure, showed important similarities and minor differences. It was found in both groups that pulmonary arterial pressure is always elevated, but in many cases pulmonary hypertension is severe, out of proportion to left atrial hypertension, signifying abnormally high pulmonary vascular resistance. Such cases of severe pulmonary hypertension are found in more severe cases of mitral stenosis and of left ventricular failure, and its occurrence is not appreciably different in the 2 conditions. In both conditions, the resting cardiac output is, on the average, abnormally low in severe cases and normal or slightly reduced in milder cases. Inadequate rise of cardiac output with exercise is frequently observed in both groups.
SUMMARY
On the basis of the overwhelming similarities and relatively minor differences observed in hemodynamic changes caused by chronic elevation of left atrial pressure in mitral stenosis on the one hand, and left ventricular failure on the other hand, it is concluded that mitral stenosis does not have a distinctive hemodynamic pattern that would permit a distinction between a "'mechanical block" and a "myoeardial factor" unless direct measurement of left atrial and left ventricular pressure permits the demonstration of a diastolic gradient across the mitral valve.
SUMMARIO 
